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ABSTRACT 

Two-column objectives are listed for an integrated 
science curriculum (Grades K-12) , often subheaded according to 
science area (physical sciences, physics, biology, chemistry, general 
science) and grade level. Objectives that relate characteristics and 
forms of energy to energy conservation are stressed in the primary 
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topics include Newton's laws of motion, electrical circuitry, heat 
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l^e student will knows 

- thiat t^.e^e^are many kinds energy 

- that scffie energy cannot k ?een, 

- that energy is force. 

- that magnets exert energy, 

- that energy cannot be seen. 



Grade K 

The student will: 

- enumerate energy producers (coal, oil, etc.) 

- identify a magnet and list its uses orally, 

Grade 1 

- explain rat happens when something is pushed or pulled, 

- name some Udngs magnets will pick up, 

- explain friat agents creating energy can be seen but 
energy itself is not tangible. 



to a magnet, 

wl..r. a M bin.s, energy is released. 



Grade 2 



- differentiate between materials that are magnetic 
and those which are non-magnetic, 

- i^^aw a picture to show that wood gives out heat and 
light while it is burning, 

- identify fuel and show how some forms of energy are 
produced, (ex, rocket fuel) 

- enumerate the many ways heat is produced as energy, 
(boiling water, etc,) 



- ti^t energy Is tt., ability to do work. 
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- recite verbally his understanding of the definition.. 
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- m energy has different forma an can 
change from one bm to another, 

- the uses of the different foms of .^er^^ 

- that ttie sun is a rajor source of ei^gj'. 

-that_ other natural sources of energ-are 
derived from the sun ie. oil and 'al. 

- that moving air and water exert energy. 



th.at change in state can be explain.d 
tertis of Dolocules and energy. 



m 



that 



energy appears in various fom. 



ttat energy can change from one fon y 
another, 



tSat emrgy mt be applied to pro*, 
TOlanoed force ■ 



e an 



it 



■ nahie 3 different for.s of energy and illustrate a change 
that can occur in each. ^ 

natch an object to its use, 

draw and demonstrate tiie evaporation cycle. 

demonstrate verbally and by experiinentation tteir ' 
understanding of tiiese other natural sources of energy. 

demonstrate how air pressure is used to do 



work, 



Grade k 



identify cause and effect in changes of state, 
(finding energy from various sources,) 

ll3t^«^swe„e.^tocha^3stateof.tter. 
classify energy according to ita state. 

Stlf""'/™ °' (^*ate by an 

exper»nt one fo™ of energy and how it works.) 



Grade 5 



calculate the amount of work h»ir,. j„ . 



iUuBtratin, diffe^„t fo« 



of energy 



- niake a model showing one fonn of 



energy at work. 
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rrw. has various sources of energy, 
'^clar, l^eiear, Eleotric, Organic F\iels, 

t^^e causoa ar.i effects of energy shortage., 



t'-at it h n.....nv.r7 to ucb ..Ur e 



Cifiergy, 



tl^Ut is ner.,sary u ,u,i,,^ 



'^*Ut IC neCC: r.r; to f;r; 

energy. 



iTiservfi hoat 



It is neceseary to 
enerp-', 

fort.^ cf enorgy. 



ccncorve electrical 



- iimtj examples of wasted energy. 

-report to class on how energy My beoonservod. 

- list in a paragraph ways solar m^r^, u 

^"-ii'^ois.fes/ooaSaTJo^,::::^- 

nuclear energy. ^ ^"=811 fuels ^ 

- l-3t places Insulation should be used t.n 

■ -"t ways in ;*ieh "noise" could be oontrcUed. 

■ fr» a collage the various fo« of energy, 
■gin the difference between natural and artlficai 

■S„e*°^«^-^«e.g.pi,,,,,„,,^^ 



teal Science 

- what an energy pypMlj is, by definition, 

- the various parts of an e:ergy pyramid, 

- why an energy pyramid "Pesis". 
Photosynthesis: 

- the mechanism by which green plants • 
lapture the sun's energy and sto:^ this 
energy in molecular fonii, 



- the ability to do work is calbd mm, 
Man 3 nervous system dii'ectd his ^ 
energy, into his behavior. 



- vr.';e examples of various areas which use nuclear 
en^igyi e.g. Genetics, production of electricity, 
trxsportation, medicine, agriculture, water supply, 
gecxgy. 



Grade 7 

- lis factors entering into an energy pyramid, 

- disW and label an energy pyramid, 

- li;t aiergy "losses" from one energy level to another, 
Definj prctosynthesis, 

- list the types of energy generated by the sun, 

- define the sun as our sole source of energy in our 
s?lar s/stem, 

- list the :ypes of energy (on the electromagnetic 
spectrum, utilized by green plants in photosynthesis, 

- draw a .:tcture of a chloroplast and label it. 

- name th^ chlorophyll molecule as the energy capturing 
molecule. 

- draw a :'low chart of energy in the photosynthetic process, 

- dissect a frog and identify the parts of the nervous 
systefflf 

- diagram the ) parts of tiie brain and list their functions, 

- make a model of a neuron using plastic clay, 

- make a model of the human brain and map the various parts 
and tiieir functions. 



factors in man's physical environment 
influence his behavior, These stimuli ' 
result in a response, The fomila for 

"Behavior" is Stimulus Response 

or 

S R 



the largest part of the brain is the 
Cerebrum. Tht: Cerebrum is also the 
thinking part of the brain, and controls 
thought, memory and learning . 



the Sense Organs receive stimuli from 
the environment . These stimuli iKence 
nian's behavior, 



- distinguish between man's voluntary acts and his 
involuntary acts, 

- be able to explain the foimila S-R giving examples of 
5 stiraul with an appropriate response for each, 

- be ab]e to distinguish between a learned response and a 
reflex} between a reflex and an instinct, 

- U able to diagram the reflex arc, 

- be able to set up a conditioning experiment, 

- be able to distinguish between judgement, reasoning and 
memory, 

- be able to locate the part of the brain that controls 
memory, 

- be able to discuss how he could develop habits that would 
help him in learn ing 

- explain the trial and error method of learning . 

- be able to name the five senses and the sense organ 
involved with each sense, 

- be able to diagram the five sense organs and label all 
parts, 

- be able to discuss the similarities between the eye and 
the camera, 

- be able to explain how stijuuli are received by the sense 
organs, sent to the brain and interpreted, 

- define sense, sensation, sense organ, 

- distinguish t^tween OFTIC Nerve and mim Nerve. 



4 t> ^ 

liERlC 



18 



^jehavior is controlled by Man's central 
nervous system, central nervous 
system consists of the Brain, the Spinal 
Cord and the Nerves, — 



■ '^^^^'lics of getting man into space 
Keeping him there and returning him 
safely to eam in a space vehicle. 



' '^''^^^'^^ '"^'^^ is a flow of 
electrons throug?i a conductor, 



- that a complete olectrical circuit is one 
Which has an ^broken conductivrpat?. ' 
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- be able to distinguish between the cerebrum, the 
cerebellum and the medulla oblongata, by locating the 
parts on a diairram of the brain, 

- list the f\]nctions of the 3 parts of the brain. 

- explain the relationship between convolutions of the 
brain and intelligence. 

" ^ explain how an injuiy to the brain or spinal 
cord or nerves could affect behavior. 

- give the number of nead nerves and spinal nerves. 

. write Newton's first law of motion and relate it to 
getting a space vehicle away from earth's gravity. 

" I'!? ''''"^ relate it ^ 

acceleration and decceleration in, space flight. 



- draw a diagram illustrating Newton' 



s second law of motion. 



" wite Newton's third law of motion and relate it to . 
space vehicle escaping eartii's gravity,! i 4 
in space and returning to earth. 

" ' '^^^^ i^^^^^^^ting Nekton's third law of motion. 

- define an electrical current as a flow of electrons ' 
through a conductor. electrons 

t 
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that a series circuit is a circuit such that 
electricity must travel through all parts of 
the circuit and that a partllel circuit is a 
circuit ;Aich provides more than one path in 
which electricity can flow. 



that electrical energy can be converted 
into other foras of energy and vice versa. 
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- Give a diagram of an incomplete circuit because of an 
unconnected vite and asked whether or not a component 
of the circuit (motor, bell, light) will be activated 
and to explain his response, student will answer neg- 
atively to the question and explain that the component 
will not be activated because the circuit is not complete, , 

- given wires, a light bulb,, and a dry cell battery, student 
will be able to connect the materials in a simple circuit 
so that the bulb will light, 

- given a size "D" battery, two §222 buliis in sockets and 
three test leads or wires and asked to connect the bulbs 
in series student will connect the components so that the 
current flows through them in succession, 

- when asked to diagram an operable circuit contains a 
switch, a battery and 3 motors wired in series, the 
student will diagram the circuit to show ikt relationship, . 

- Given a size "D" battery, two #222 bulbs in sockets and 
four test leads or wires, student will connect the 
components so that the current flowing through it need 
not pass through the other components, 

- when asked to diagram an operable circuit containing a 
battery and 3 motors connected in parallel, student will 
diagrajn the parallel circuit, 

- given diagrams of two parallel circuits and two series 
circuits and asked to classify each as either parallel ' 
or series the student classifies them as directed, 

- state 2 examples in which electricity is used to perate 
an electrical device in h which an object or part of it 
gains mechanical or kinetic energy (electrical fan), 

. state 2 examples in which electricity is used to operate 
an electrical device in which an object gains or releases 
li^ energy (electrical lamp), 
Pa^'e 7 ' 
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- state 2 examples in which electricity is used to operate 
an electrical device in which an object gdns sound ener^rv 
(radio), ^ 



• state 3 examples in which electricity is used to operate 
ar. electrical device in which an object gains heat enerry 
(iron, stove), — ^ 

- list three energy converters found in his home and state 
trie energy changes involved in each, 

- state an example in which chcTiical energy is chanred to 
electrical energy (dry cell battery), 

- state an example in v^iich mechanical or kinetic energy 
IS changed to electrical energy (turbine). 



that tem^ is the measurement in degrees, - define temperature, 
of the hotness or coldness of an object and is 
measured by a thermometer. 



measure the temperature of . substance within an accuracy 
of +1 degree usmr eittrr a Fahrenheit or Celsius ther- 



moraeter. 



13 measured in calories. 



describe how a liquid-in-tube theraometer works, (liquid 
expands as temperature increases and contracts as em- 
perature decreases), 

tell in writing that water freezes when ternperature on a 
themeter registers 0' Celsius or 32» Fahrenheit. 

wir'*^.^'^ "^^^ ^"^^^^^ture on a 

theraometer registers 100° Celsius or 212° Fahrenheit! 



raise the teraperatoe of 1 gram of water 1» Celsius, 



Page ] 
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that whenever two objects at different 
twperatjffea are in contact m each 
heat flows frcm ^ hot objert tc 

* If" ""til an equilitriu:, ia ' 
reached, 



■ Calc-ala£ tile number of calories of heat required to raise 
t^e tenrorat^e of a given mass of water using the re ! 
ationslo amount of heat = mass of water x change in 
teniperatre, ^ 

(in calories) (in grams) (in degrees) 

indicat.^wlth arrows on a diagram the heat flow, when 
aevera. container of vaiying temperatures are pC in 
contact witi each other. ^ ^ 



- that substances expand when heated. 



that heat energy can be converted into other 
foma of energy and vice versa. 



«3 « M we oomonly know It. 



■ '^f T^^"^ ^''"^ °f ^ -^otore Placed 
JJco.fcct««, each other, ^ventte initial tel^ent 

descrlbt how a liquid-in-themoiieter works. 



teriietoee ways in which heat can be charged 
lorm o: energy, ^ 



to another 



• define force 

• »«e welsht of objects with a nerton scale. 



- that jn^cjmicnl eneri^v is Vj^ ability to 
work and i? aeasured by ttie mount of 
work that body can do. 



- that nachines enable inan to transfer 

''''' ^^^^^ to 
tmte energy fro. one fom to another 



•• student will calculate work done on an object ^•^ven ih. 
force acting on that object and the distance that obk t 
moves Dsine tlie relationship ^^^^ 
Work = Force Distance 

- define nechanical energy, 

■ identity or jive espies of objects mtt potenti.1 enerey. 

- =i|l«"late the potential energy of an object riven its 
mx an^ Its distance atove tte groj 
relationship potential Enei^ = Weisht x Hel^t. 

■ clll?^"°.'"''''=^ *^ '"'"^ ' tody. 

K?tht*Sp*'^'^-°'^^=*'"'^^^ 
total mechanical Potential kinetic 

{M% " * 
■totic energy = . ^^^^ 

(initial) (at certain point) 

' six simple machines: inclined .k.. i 

pulley, wedce, screw, wheel 4 axie. ^ ' 
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calculate output work done by a machine .i 
distance measurements. 



given force and 
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- calculat tlid efficiency of a mchine EPF = Work output 

Work input 



- that all sound is caused by vibration, 



explain 'In no nachine can be 100;? efficient because 
sone ixip work is always used to overcome friction in 
a machine. 

perfom lie followlntT tasks and verbally identify the 
vibratioriJ 

stm* a euitar 

sjraich a door 

:vb .'^inds together 

hit 'iie desk 

bloi a whistle 

sha:e a jar of marbles 

strJce a drum 

fei the throat when speaking 



the meanings of important sound tenns such 
as air column, vibration, echo, pitch, 
frequency, compression rid rarefaction. 



deraonstate the phenomenon that physicists call 
"syipirhetic vibration" by performing the musical fork 
experjnent, 

read jind write the definitions of 'the words in the "sound" 
"voca:ularj-", 

use uiese sound terns correctly when responding in class 
discu3sior.s, 



■ that sounds beyond the range of human 
hearing are called ultrasonic sounds. 



use these sound tems correctly when writing answers to 
queations assigned from textbook chapter. 

write and memorize the range of human hearing in 
vibrations section. 



ttat sound travels at different speeds 
ttrough different mediums and not at all 
through a vacuum, 



- read the text chapter on ultrasonic sounds. 

- list in writing the different speeds at which sound 
'-ravels through such mediums as air, water and steel, 
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that when a sound is mde, air nolecules 
vibrate and fcra a pattern where they 
press together and spread apart in waves, 



■ tonstrate v.th a friend tiiat sound travels better toou^ 
the air by sitting at opposite ends of a table and tapi>. 
ine the cesk a.x then listening to the sound with vour 

ear on ths tab:e. ' 

■ view a niovie Khich illustrates how Indians used tte above 
principle and put their ears to tiio ground to hear if 
buffalo we:e nearby or if horses were coining. 

' perfom ringing alam experiment which proves that 
sound V1.1 not ".ravef in a vacuum. 

draw a model of i sound wave and label the coinpressions 
and the rarefactions, 



'^t^echces are ti.e bouncing -b^^^ 



■ '^f'''^ "^^^i^ally through 

action of plants and animals. 



- draw a model of i sound wave and IshPi +ha ^r^r^^. • 
and the rarefactrns. compressions 

- perfom tiie sli^>y spring experiment with a slinky sprin. 
to demonstrate t^e behavior of sound waves in a^ ™ 

- pluck and observe a tuning fork, 

voice reflection come back 



shout in a pail to hear his 
real fast. 



' shout in an empty hall and listen to tiie echo. 

ft::eitp;jr'"^ 

eiiects Of different environments or echoes. 
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- effect of extrene tenrrature chango cn rock. 



- frost action is a prek^r force in 
weathering than heat ai. cold. 



• ths effects of plants ar: aaiiads on reck 
mterials, 

• nethnnical weather occur:, men t rock 
formtion is broken a:.r-, oy various forces. 

' sravity -^^ough tb;. process of 

ercsion moves mterials to new locations. 

tht processes of cherical weathering- 
particle size reaction to acid, 
oxidation 

effect of CO 2 in water produce^ 
carbonic acid, 



- hcv clijnate affects chenical 



wea"-r.ering, 



=tala5,it.3 arc fo»d. 
^ effects ^ controls of erosion.1 forces. 



- the stii.v]2t will do experiments using heat and cold to 
show these effect weathering of rock, 

- the j^jdent will be given iron pipe threaded ?:id capped 
whia: is to be filled with water and placed in freezer 
for t^ervation, 

- the 'tud^at will be asked to abserve his coimunity for 
si?!^ of animals and plants affecting rock, 

- be -aken on a field trip to observe different foiras of 
weataring, 

- be shwn slides taken during the suimier that demonstrate 
how :\a is moved by gravity, wind and water. 

- do erpsriments using HCl and lime stone, Field trip will be 
taken^^o Clinton area so that students can observe results 
of oxiiation on iron compound in rock surface. Student 
will t experiment to show affect of carbonic acid on 
limestrne, 

• Pictui^s and slides will bi shown to student to demonstrate 
that v^athering differs unier different climatic conditions. 

■ a demonstration using epso. ,alts will be used to show the 
fomation of stalactites and stalagmites, 

' sMen: will be shown slices of soil conservation practices 
^ prevent erosion and others to show how erosion c^^ ' 
when bese are missing, 



ttat light is 1 fAr« ^ -^^^1 
a. ra.4 ene^ j!" ^"''^ ^« . , .^^ 
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- tLiat light travels thru space at a speed 
o:" 186,000 miles per second, 

- -iliat the Quantum theory of light is 
rocepted by most scientists today to 
explain the wave notion of light, 



■ t!|.at tile knowledge of the properties of 
electromagnetic radiations and the elec- 
trooagnetic spectnuii are necessary in the 
understanding of light, 

the explanation of the laws of reflection 
and refraction. 



- th^t the index of refraction depends upon 
different densities, 



that convex and concave lens are important 
to human sight, 



- the historical development of nuclear e: 

- that nuclear reactors provide energy to 
variety of use^i. 



- solve mathematically the distmce in miles involved in « 
light year, 

- list the names of scientists who developed the theories 
of light, 

- draw the atom with its energy levels showing electromagnetic • 
radiation with the release of light and energy, 

- list the important properties of electromagnetic radiation. 

- draw ..nd label a chart containing the electromagnetic 
spectrum, 

- draw and label a prism showing refraction, 

- list the spectrum showing the dispersion of white lirht 
into colored light, 

- draw and label the reflection from a smooth object label- 
ing the rays, angles, and the noraal. 



- d 



draw and label a diffused reflection from a rough object 
showing angles. 



^ - solve problems relating to the index of refraction. 

- perfom experiments involving convex and concave lenses 
to show conversion and divergence of light rays, 

- list the causes of farsightedness and nearsightness. 

'''''' " eilT^r^r T ^^ientists 
engaged in the development of nuclear energy. 

- explain the fission (splitting) of in a nuclear 
reactor by labeled drawings, 



3er!c 
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' fusion causes atoms to fom 

elenents of greater atomic weights and 
release energy in the process, 

the present and future uses of nuclear 
energy are beneficial and destructive to 



- cor-OTcta model of a nuclcir reactor and label control 
rod, ccTirete shieldings; moderators, aluminum tubes and 
prcTfectTe shielding using cardboard, 

- list tfj nanies of particle accelerators used in smashing 
atonsi 

- dra; ari label the fusion process for Hydrogen, 

- lis*, iie elements -which are capable of fusing, 

- idenify the elements which are naturally radioactive, 

- ide:.lfy a radioactive substaice by use of a Geiger Counter, , 

- exrla:: artificial radioactivity by the use of charts, 

- i::us7ate by graphs the half-life of radioactive elements, 

- list ie uses of radioisotopes in agriculture and industry, 

- list -ie uses of radioisotopes in medicine to help control 
cance: 

- list tfe destructive affects of an atomic bomb dropped on a 
city rating from ground zero and going out to 50 miles, 

- list tie different foms of electrical energy, 

- diagi'a.-: and label an elejtric current showing voltage 
resistance, and flow, * 

- apply Ohm's Law to solve simple problems dealing with 
ooi^'ent flow, 

- solve problems dealing with simple parallel circuit, 

- s^^Ive problems dealing with series lircuit, 



- explain how a generator makes electricity, 



tha^. matter is made up of tiny pa*acle3 
sons oi* 'which are electrical in n^jre. 



the aolecular theory of inagnetisn d how 
a mgnet operates, 



- that the earth is a nagnet. 



hov an electromagnet operates and how it can 
be used in beneficial ways by man. ' 



"•Oology 



■ explain and dia(p?an a drj' cell and its parts, 

' label and draw the two main parts of an atom, 

' list the characteristics of the nucleus, protons, neutrons 
and electrons, * 

' denonstrate the magnetic effect of an electric current by 
using the proper equipment, 

' draw a diagram of a magnet showing how molecules are 
arranged according to molecular theory, 

explain difference between permanent magnet and tenrporary 
magnet, 

demonstrate that like charges repel each other unlike 
charges attract each other, 

explain how the magnetic field of the earth operates, 
show how a compass is affected by the earth, 
describe uses of gyro compass, 
describe the properties of alectromagnets. 
explain how the strength of an electromagnet is increased, 
construct an electromagnet in a laboratory and show its uses 

Grade 10 



the relationship of chemistry and 



study of living things. ^ ' '''^''^ "^^tral, basic, and acidic solutions. 
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how an organism obtilns energy in order to 
perfora its functioia, 



- describe tlr PH scale and its use, 

- st'ite the l£i" of conservation of energy, 

- compare and lontrast carbohydrates, liquids, and proteins, 

- describe a ajor biolO£jical function of the nucleic acids. • 

- explain the, organisms obtain usable energy by breaking 
the bonds ii high energy molecules, 

- describe tte enzpe "lock and key" hypothesis, 

- dir. "ira th« .;TP-ADP cycle and explain what happens during 
the cycle, 

- compare and contrast aerobic respiration and anearobic 
respiration, 

- relate the dstiils of respiration to the sijnple equation, 

- compare and contrast the use of glucose by a cell and the 
use of fatty acids and araino acids. 



Fhyaical Scienoo 

■ tto many fom of energy m are inte^ 
changeable; one fonn chnnring to another 
but never being detiti-uyed, 

■ the various conditions under which an 
aitomobile may stop safely for varyinr 
highway conditions, 



Grade 10-11 



be able to identify a linear relationship between two plotte 
functions as in a graph, 



- be able to explain why an automobile traveling at 60 miles 
per hour is fou:' times as dangerous as an automobile 
traveling at miles per hour, 



T^'^^i^^X ' ^""^^^ - ^ ^'^^ to .ate Me ^t work is equal to a force 

aultiplied by a given distance and liiat both force and 
distance iiiuet be assigned a given direction, 
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the niechanical advant^^e '.f a ok^ 

•machine is always gi^vn In ^HTn£:i 
ratio, 



' "iiffti-ence be:;.eeii potentia !iei^7 
ana kinetic energ;, 

that when energy is reler.,-jed da-i any 
reaction, the reajtion it said ; ^ 
exothennic, 



be able to infer from given data that the relationship 
between the height above the floor at an automobile 
starts and the stopping distance in the horizontal direction 
is a direct proportion, 

r ' 

be able to identify at least four kinds of energy and shtJl 
how each kind of energy operates, 

perfonn a ?rnple experiment such as burning a piece of 
wood and osasure the amount of heat absorbed by a weight 
amount of vater (caloremeter), 

list a nraber of changes and obtain the handbook values 
given fo; each change listed. 



Grade 1^12 .^^.r 



p.-'/jTical Science 



all living tldnga constant!' -"lee: energy, 
plants need CO 2 and lir'-: to nwe starch. 



- plants need chloro.-i'yf. t maintain life, 

- plants pwduc't' C 2, 



CC 2 Is reiaav; when M is broken down 
I or energy, 

IMng things need 0 : to roleace energy if 
lire is to continue, 



■ bum a candle and various kinds of food to heat a measured 
amount :f water, (to calculate a "candlecalorie") 

• test fo? the presence ' starch in plant leaves covered 
to prevent the entrance of CO 2 and other plant leaves 
kept in the dark, 

' sepcrate chlcrophyll pigments using the technique of proper 
chromatography, 

' use a rcspirorjuenter students will measure the output of a 
?aa from a plant, ; " 

predict aft^r observing 2 tubes of yeast and design an 
experiment 75 explain why one is bubbling, 

measure tho ,iraount of 0 2 used by a group of soaked and 
boiled pea seeds. 
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I 



Grade 11 



Earth Science 

- that all objects not at a lieinperature of 
abflolute zero radiate electromagnetic energy. 

- that electromagnetic energy can be refracted 
reflected, cattered and absorbed, 

- the 3un is the najor source of ewrgy for the 
ear^ii, 

- that conduction of themal energy occurs as an 
Interaction of raatter at the molecular or 
atoilc level, 

• that changes of phase are contingent upon the 
lOES or gain of energy, 

• th-'t a significantly greater oinount of energy 
is required to change a given mass of water 
fnin liquid to vapor than is required to change 
iC'.) to liquid, 

• th.e amount of energy lost by a source equals 
tJ.o amount of energy gained by a sink, 

' ti;e novBnent of matter toward or away from 
1i'.e earth's center of mass results in an 
energy transfomtion from kinetic to 
potential or vice versa. 



- nea^ure units of electromagnetic energy in microns. 

- name and describe processes of energy transfer. 



- identify sources of energy, 



- analyze processes of energy transfer. 



- draw inferences about the conservation of 



energy, 



- analyze environmental processes of phase change. 



describe energy transfomation that has been observed in 
the environment. 



- draw inferences about the conservation of 



energy, 



- Witer has the highest specific heat caDacitv . . ' 

" -hi Intensity of Insolation per unit arA/, 
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- th« ^nim at a sive„ location vi-^ea 

vl3lle radiation, tat it selectlve'v 
IMired radiation, 

- tha^clouds my select apjroxlmtely 2S( 
of aident insolation. 

" !:L^!"'J''°' are 
eoi( absorbers of itfrared radia:lon. 

- ttaialr pressure chanees are cl-selv 

■1^"°°' i° '^^ '■«*aratare 
« Moato Of charges in atapSric""^ 

■ Z^^f to 
PMsure field gradients. 



' ^^^'^^''■^ ^ chart wiiJi a given number of cities in 
L-.d southern latitudes and the amount of 
Wi4ii heirs for each given date. 



■ struct a ?aphi cloud type verses incident Insolation. 

affect on lnf:=red radiation. 

oontiare locall; observed atmspheric variables. 

*rlve kterelitlonshlps frco local obsemtions. 



assure wiai ^eeds with earth science «ind 



eauge, 



„ , Grade 12 
Physics 

asplacewt, velocity L acceloSnf 



- that Ties are vectors and that forces 
nay a/^ugh space. 



- solve both graphical and nimerical problems involving the 
composition and resolution of forces, 



thit ;4niic3 deals with the relation 
betwe^the forces acting on an object 
and tiresultinc change in motion, 



- that work is done on or by a 
syate: '.-e total energy of the system 
is cr/ljed, 

- that:, any treansfer of energy among 
objec/ in a closed system, the total 
ener,' of the system remains constant. 

■ tlia^intemal energy is the total Kinetic 
andptential energy associated with the 
a.'tjis and relative positions of the 
niolsuies of an object, apart frcn any 
Kisctic or potential energy of the object 
as . whole, 



- list the categories of forces, 

- solve problems involving Newton's Laws of Motion and the 
Law of Gravitation, 

- solve problems involving centripetal force and entripetal 
acceleration for uniform circular motion. 

- solve problems involving the Conservation of Momentum. 

- solve problems which involve the calculqltio of work, 
isechanical potential. energy, gravitational potential' 
energy, Kinetic energy and power. 

- calculate mechanical energy transforaations in situations 
vathout friction. 

- calculate work done against friction in several situations. 

" If ^''^'^ ^^^i^^lent of heat, 

change rom one temperature scale to another, transfer of 
heat under conditions of temperature change, and/or phase 



. t . „ composed of molecules in constat - solve p.blems involving .e General .as Law, W*. 

- solve problems relating the average Kinetic Energy of 
molecules with Absolute Temperature. ^ 

to light exhibits the characteristics of +k 

ms and particles, " -^"^ ^'^ve properties of light. 

- describe the photo-electric effect. 
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that th:e Quantum tieory was •.'telojsd 
tc explain phenomena which ca:ld nc^ 
be explained by the Classic-:, l^ieoi*, 



the process of creatin^-r a-iinic model? 
and will know details of *ie Rutherford 
3ohr model of the atom. 



that each element has a :aracteristi-; 
spectrum, 



- perfom graphica]. and numerical solutions of the photo- 
electric equation, 

- describe ttie Gompton effect and calculate photomomenta. 

- calculate DeBroglie wave lengths for particles, 

- describe the Rutherford Scattering Experiments and the 
conclusions made therefrom, 

- describe the Bohr model and make energy level calculations, 

- show how the hydrogen spectrum can be related to the Bohr 
Model, 



that the necleus is the ere of the atom 
and contains most of the ass of the atom. 



- the nature of many nuclea.^ reactions, 



■ f ''''' ' vibratory distjUmce tt:a: 
-3 propagated from a source. 

that wave motion transfers ener;:y from cr.e 
point to another with no transfer of nas3 
between the points. 



■ calculate wavelengths for the Baker Series from the 
Balmer equation, 

' list the observational tools and show how experiments and 
observations load to the concepts of: 
nucleus atomic number 

mass nimber nu^ear fdrce 

nuclear mass and binding energy 
isotopes 

describe the details of; 

natural radioactivity 
half lif-; 

Einstein's mass-energy equation 
indirect trcjismutation 
nuclear fission 
nuclear fusion 

produce waves in a stretched spring. 



- explain througji an example this phenomenora. 



' the diference between longitudinal and 
transvrse waves, 

the chracteristics of periodic waves 
(freq-jncy, period, speed, amplitude, 
phase, -lave lencth). 



the d:*erenco between dispersive and 
non dc-persive media. 



that; wave front is the locus of 
adji^nt points of the wave which a-e 
in pise, 



- the iw of reflection. 



- thatiraages fonaed by a plane reflecting 
8^'ice IS virtiml, erect, and the same 

Object, object and i^,e distance 



d is tte ch^ee in xhe 

d.^ction of a wave tiiat occurs when the 

passes obliquely through a bX'' 

a change in its speed. 



produce longitudinal and transverse waves in a slinky, 
calculate freezing, speed, wave length using the fomula 



- nea 



sure tlie ,m length of water waves in a ripple to*. 

calciilate the period of a wave usiig the fomula i 
waves of different ^im, i„ , ^t^^^^^" f 

wite the definitions of dispersive and nondisperaive .edia. . 
nane a dispersive mediiE for li(^t. 
construct wave front and ray diigrans. 



- PWduce reflection pttems In a ripple tadt. 

- Prote. reflection in a stretched sprir^ and slir*y. 

the ancles of Incidence and'reflection. 



:rl"?A!^ ^ » Plane tor and »,,su. 



- observe refraction in a ripple tank. 

- Wlte the definition of refraction. 

M *r tilt T^'^ at 

travels fast. ^' '^^^'^ it 
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- the ratio of the s.' of tiie ane" of 
incidence to the s-' of the m of 
refraction is a ^^rmi called 
relative index of K^action; aL 
equ?ltothe rati ::' the velociea 
intheiaedia (Sno's Law). 

- the index of rof^^'ion of anedi: is 

ratio of th. pc^d of light ; • 
vaiuuis to its 3r.4 of light in i' 
m-ierial, 

- that fee critic, angle is the m of 
inciderje for vich the ancle of rv 

frr.ct::iig9;-andcanbecalcula-i 
^ the -^oinuli = l 

n 

" 'Y"^^ '•''^^^'^^ reflection occu:' 
wncT. li^it :: incidents on a surfae. 
at ar. ii^x. .^-eater tr^n the critic,', angle, 

- that £er^ ig effect proi:ed by 
two : waves ter. are passing mtan- 
ous, toou&h a re,^io:; constnictiv- i^te^ 
ferere occurs at poims where the tv- 

wave are in phase; Destructive intei-rence 

7'^ at points when -iie two waves a? out 
of ;:ise, 

t|^j3lid^^ are produced when wo waves 

1 1'.? T'''^' ^ t:?vel in 

Wn. directions in tliesaraomedr;. 

J?;?' lisht is equal to the roduct 
; «y wave length, ..stant 
in and vacuun and deneridert ^fp...... 



construct a ray diapran and usin^ Snell's Law, cdculit^ 
the index of refraction of a glass plate and class prism, 



- calculate the index of refraction, 

- calculate the speed of light in different materials siven 
thie index of refraction, 

- write the definition of critical angle, 

- calculate tiie critical an,-le for different materials. 



draw a diagram show the respective rays produce total 
internal reflection using an optical bench. 



produce interference patterns in a ripple tank and draw 
iiagrans of thera labeling modal and antinodal lines. 



produce a staiiding wave pattern in a ripple tank. 



- write 1,:... definition of light as such. 



- calculate the speed .f light 



m air. 



calculate the speed of light in other materials riven tlie 
frequency and wave hni^, 



- that a C'.ivergini^ lens is thiicker at the- 
Diddle 1 in at the edces and converf^os 
parallel vja of licht. 



- that the size '.nd locatic.i of the imge 
can be .^Iculated froin the foc^l lenf;th 
of the \'n3 the positioii and size 
of the .'ojcet, 

- that di'ercing lens are thinner in the 
middle -har. at the edges; di"erge parallel 
ray, ari produce only virtual imoes vhich 
are Inter than the object, 

- that li^it is a wav because it exhibits 
interfffance. 

- that light froia two coherant point sources 
or peeing through a double slit produces 
a stalonaiy interference pattern, 

- the relationships = dx and its application 
to dxible slit interi'erence. 

• that light froin a point source is diffracted 
and ft^duces interference patterns when pass- 
ing wxiugh a single narrow slit. Tb^ width 
of tte central naxlnum waves directly as the 
wave.ength and inversely as the width of the 
slit and is always larger than double slit 
interference, 

tha-. interference patta produced by thin 
filfl are ch^ced by a aifference in the 
opt'.cal paths of light reflected from the 
surfaces of the fik. 



- observe and construct imges pfoduced by a double convex 
lens of focal length about ,20 cen, 

- define the ij!iage produced by i convex lens, 

- calculate imge size and distance using the fomilas 



1 + 1 



50 = 

51 Di 



- calculate imge size and distance, 

- construct ray diagranij. 



- observe interference patterns using a diffraction grating. 

- observe double slit interference patterns. 



ISIm'^'m^.^'^^'^^^^^W °^^^velengthof 
incident light (j) given the other infoimtion. 

=alculatethe,,x,delve„thepMperitfomation. 



e according to the 
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, - fiat static electricity is electrical 
ciarges at reat or the net flow of 
coarge in any given direction is zero, 

- 'hat a positively ch^ge object has a defic- 
iency of electrons, and a negatively 
liarged object has an excess of electrons 
mlite charges attract, like charges 

?epel, 

- 'Jiat rubb!iig two different neutral 
objects together will charge them by 
Tansferring electrons and the net 
charge if the system is constant. 

- that a reutral object niay be charged 
bT contict (conduction) with a charged 
object ind it will acquire the same 
charge, 

- that iiduction is a procees by which a 
charg. J object causes a redistribution 
of th? charges of another object without 
contart. 

- tiiat a object may charged by induction 
by te:.iprarily grounding it while it is 
near to, but not touching a charged object. 
It wii: acquire a charge opposite to that 
of t e charging object. 

- « qwntity of charge or tody possesses 
depenu on its excess or deficiency of 
elections, ihe unit of charge is the 
Conljnb, 

1 c^nl V = 6.25 X 10 18 electrons 

1 e.octron = elementary charge = l6xlO'^^conl. 



define static electricity in writing. 



define positive and negative objects. 

detemine repulsion or attraction of objects knowing 
thexr charge, ^ 



charge a glass rod with silk and a mbber rod with wool 
and test for charge with an electroscope, 



- charge an electroscope positive and negative by conduction, . 

- draw an electroscope charged by contact. 

" charge an electroscope by induction. 

" ' being charged by induction. 

- charge an electroscope by induction, 

- draw the sequence of charging an electroscope induction. . 
" °^i°^ate the quantity of charge possed by a t.dy. 

" calculate force between two charged objects. 

" ^^If'^^'^^f^''' and Newton's 

Law of Universal Gravitation. 



Pago 26 



ERIC 



60 



- to Conlonb'3 k„ is represented? 

- tat electric field exists in any tr.,n 
tf space ui *ici, an electric foro' acls 
01 a charts. 

" rlf "^"^ ' i' 
ad Its intensity varies 'jieiik 

«tt the square Of tte distance :iw lie 
pcint chjrje, 

-tet thr field around a imifo:^,ote?ed 

its'lnte'ity 
svwly With the distance fr. ttie 

-that* field tetveentwparalleKi-sed 

«j y^dij^Q. IS snail coEim'-ed v thp 
tatfflj of the plates. ^ 

- ttat tt potential difference (volt o' 
el c eld 13 the ^ i„ 

«itr:t:e^^--'» 

■*^^fW«ntalu„it„,ej,^3,^.^ 
•Million. * ' ^"^"''^wl 1: 

"ro*eri:i'°^"^^^^"^""* 

«^ tetter conductors than aon-^erals. 



describe the charge in force when any variable is charged. 



- calculate the magnitude and direction of electric field 
around a charged object using the fomula E = p 

q 

- calculate the intensity of a field around a point charge. 

- draw the field around a point charge. 

" ^^lo^^te the intensity of a field around a poing charge. 



- write how the capacitance varies. 

" ^^^^^^'^ the field intensity using 
E = v 

d 

" calculate the energy in electro^^ volts nvpn f . 
ooving between a certain potenUar 

■ ^^l^i" Milliken experiment. 

Iitryi?^'^°"'=^^™^^*«f 
•«^t^%^tals a. hotter conduc{^s than «1. 



- that condutfivity liquids depend :r. 
laovement positive and negatl:.- 
Ions prodwd by electrolyte, 

• that condu|;ivlty in gases dej^s :r. 
oovenent o: positive and negatve ions 
produced i*n gases are subjecv^d is high 
energy ra,l6tion, electric fieilg. and 
collisioijvliJi particles. 

- that a po^ntial difference is reiired to 
maintain J flow of charge (curren;'* 
between i«) points in a conductor.' 

" ^t the.^sistance Ohn, which i the 
opposite to the flow of curren, of 
a conduipr of unifom eross-seclon 
and conij^ition varies directly ;s its 
lengtl-. lid inversely as its 
sectioui area. 

•thatWsla„i,v=iRandappl.e3to 
«ttolt:i conductors at coMtaff,te^ 
ewtunlnordinaiy circuits. 

ttat^ ajebraic s« of the cmnts 
^"teric any circuit Junction is equal 



describe in writine and by diagran the conductivity of 
current in a liquid. 



- describe in witinj conductivity in gases. 



•to a circuit so that current will flow and li^t a la^. 



oeasure resistance of waves of different materials lemtt 
and CMss-sectional area to prove tte statetenT 



- calculate V, I and R in siiple circuits 



using Ohn's Law, 



calculate cuirent entering and leaving branches. 



'^^ZV^ — sci^ts. 

x.^i,.i. = , i^.i^ 
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' that a paral,el oircitit is one in which 
there is mo!^ thaii nnc current path and the 
following ,v* true, 



1111 

'l ^ 



- draw a parallel circuit, 

- calculate voltages, anperages, and resistances for 
parallel circuits using tiic relationships for a parallel 
circuits and Ohm's Law. 



that pow^rineasured in joule/sec. or watts is 
the time »te at which electrical energy is 
expanded ,P=vl), 



tJiat energy used in an electric circuit is 
U procuc^. of the power developed and the 
jinie ^.tfing which the flow of charges persists 



- that a magnetic field exists in a region 
to jignetic forces nay be detected and 
lifl direction is given by the direction 
in #Ah the fj-pole of a coEpass would point 
in t! ; field i 



" calculate power in a circuit, 

■ '^'"^'^ '°^^se, or resistance given to power. 

• calculate nechanical power of an electric motor. 

• calculate the energy used in an electric circuit. 

■ calculate the heat energy developed in resistors. 

■ ^ e^erinent to calculate the electrical 
eq'oivalent of heat, 

perfom experiments napping the mgnetic field around 
^gnets and cumnt canning conductors. 
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- that the flux density is thfi r;^? ci' 
flux lines per unit area (Wek' or 

force per uni*. current per le-i 

-P'^^o'^''^] ane is proportional;: tlie 
anp-oeter 

iatenaity of &e field 

- peraeabili-'y is the property :i 
naterial which changes the ihmiiy 
in a inagr.et-c field from Ha vi:^ in 

a vacuum, 

- ^^'1^ of a loop carrr^ i cun^iJi 
is such thrt the faces of the lo- show 
polarity, 

- the line? .f iragnetic flux arouni i sol^rM 

emerge f:tD i^poie of the soleno^ and ^nter 
the S-pc-fi 

' that th^^gnetic field streiigir. of a rie:ioid 
13 prrcrtional to 1iie number d turns, 7.e 
curren: and the pei^eability o:' the c;rc« 

• ^\ f " '''^^^^ °n a inn'enUivr:^, 
comv in a magnetic field if the :oi> 
ducto].3 not i^rallel to t.h« ^.aetic iu, 
lUe :.5e is peipendiem;.r to both the ^:eld 
and li current, 

- th.e /ere exerted between two straight .irallel 
co:^:j^r3 is attractive if the cmTe-' 
dir.,tt)n are +Jie same, and repulsive'if the 
crrr: directions are opposite. 

t::e:rce on a charge moving in a magrfric 
le is pro^^..rtiona.' to tile charge, the 
nu: densiti', and tht component of the 

volity perpendicular to the field, tie 
ai.tionoftheforceispe«arto 



- calculate the flux density of a magnetic field, 



list material which have a high, low and moderate 
permeability, 



- deteimne the polarity of a loop using the left hand rule, 



detemine the polarity of a solenoid using Ampere's 
Left hand rule, 



perfom an experiment testing tJie field strength of a 
solenoid varying the number of turns, current, and 
penaeability of the core, 

detejinine the directions of the force by using the Left 
hand palm rule and analysis of increase and decrease of 
flux density, 



deteraine the direction of the force between the straight 
parallel conductors taowing the current directions. 



- calculate the force using PbqvB 

- deteraine the direction of the force using the left hajid 
pak rule, 



ttet a zinijle loop or solenoid carrying 
a current experiences: a torque in a 
na.'jnetic field which is the basis for 
the operation of the calvanometer and 
electric motor. 



- detcraine the direction of the force, 

- perform an experinent investirating the operation of 
electric notor, 



t'lat electric potential is indirectod 
acror.o a conductor when relative motion 
betv/een the flux and the conductor produces 
a chan(;e in the flui linked by the con- 
.iuctor, Its magnitude is proportional 
to the rate at which the flux changes. 



. tha: the mrTiitude of an induced eleitro- 
notive force is directly proportional to 
to the flux doi.:iity, the length of iiie 
conductor, and the speed of the conductor 
relative to the flux, 



that thoitiionic enission is when 
incandescent oljcctn edt electrons 
and this is the basis of vacuum tube 
operation, 

ttiat electroi. beams are controlled by 
electric and/or napietic field, 



- produce a current in a conductor by novinc the conduci 
in a mgnetic field or moving the maj!netic field, 

- perform an experiment, show that the magnitude of the 
induced current increases as the flux charceg. 

- detcmine the direction of the induced current usinc t 
left hand cenerator rule, 

- calculate tlie raai^tude of M by usinc E=Blv, 

- detemino the direction of the induced potential usinij 
the Left hand Generator rule, 

- detemine the raa.^natude of the enb and its direct throu 
a rotation of •;560» of a D,C, Generator. 

- draw a diaiTum showiiic tiomiionic emission of a cathode 
ray tube, 



detemine the direction of deflection usinc the Left hai 
palm rule. 



- that the ratio of t'ro charge on an 
electron to its nass -i^an be detemined 
by measuring the cffec-V3 of a known 
ra/i'Tietlc field on a be/im of electrons 
of known kinetic oner/7, 
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- perform an experijnent showiri/j the deflection of a team 
electrons by electric and mj^ietic fields. 

- calculate the e ration usinf: thie followinr: 



2 



a = V 
c - 
r 



Paf:e )1 



(electron) E = |- mv^ = ve 
P=Bev 
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that all phys^l quanaties .an be ^asured 
in teraa of a /ew fundanental units. 



^theniat caly m tenns of its velocity 
and acceleration. ' 



an unbahncod force act, 



Wont. """1^ 
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- mfejieasurements of length, inass, and time with rulers 
balahie and stop watches, ' 

- soke problems in aomrersing from one system of units 
to anoTier, 

- solve iqjations relatinc displacement, velocity 
acceleracion and time, ' 

measure the acceleration of gravity usi^ the spark machine, 

- read ajid dtaias Nerton'o l,w of Motto. 

- "a^ »cwto.>, accord h„ to ,olvo ,mm for ^tlal ' 

" read and discuss the doriv.f-i.« a ' 



r:e$ntuin arc- consen-3'' 



Rovttional Motini 



■• that an 
ration. 



""i'l^ed torque p„teos rotafc: 



'Hal 



conaervcc in 



30lve problems of ,:v:.ctile motion for height 
velocity, ^^^f 



range and 



" 5^°°"™-*"" " rustic 

- tow dl.fr.., Er,,pb, of o« and to dtoioml ooUlsio^ 

- to tho consemtion of energy for coneervatlv, forces. 



solve pKbl« for an,^„ ji j, 
fail- anisular acceleration. 



Telocity, 



a^d angular 



3how the mathematical re^tinnqh^r, 

translatioml motion.^ ^ '^^^^^^^^^ "^^i^n 



Joteminh tl:e moment of inertii fo. +m u 
point ,1^138,0, etc. ' '^'^^^^^ solid disk, , 



,Mid discuss the derivn+lnn 4u 
rotation.1 ene,, J^^t^J:: 
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that olectric char^i's have acconpanyinr 
electric fields tha. forces on objects' 
placed in the i'ielc. -. 



thiat enerf^ is coyervod in clectrio fields. 



thp.t electric oier-y is sotred in the 

olectric field ^ot.oen oppositely charred 
plato;j, 



- thatelectr. fioLis within conductors 
r vido a>i electrical ener,7 
(olectrici'* 



- solve problems usin^ Coulonb's law for electric charges. 

" bT!^^otf T™'^ '^'''^^ ^l^^troscope 
oy induction and conduction. 

- use conductors, insulators, elcctroiirters etc. in the 
laboratory ta study the transfer of charces. 

- draw diagrams of electric fields between charces. 



draw diaeranis of the equipotential surfaces 
conductors, 



around charged 



" f^'^'^' electric potential at various distances 
fro. single and inultiple point charges. 

- calculate ti^echaree on a capacitor in an experiment. 

- solve problems for: dett-^ .m. 
--r,.ndcapacit::.:^~^^^^^^ 

- Perfom the Millihn i : fe, , 

- detenrine the forcp ^.r . u 

solve^ problems in deten :./: the: 

power consumed. b'?at 



voltate drop, total imnr ■ ^^ii^ivalerr resistance, 
produced for series and p,'r;allel circuits. 
- do laboratory e.r oririipnt +r ^ay^a 



1^' oetvoen 



'eric 
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that tt prop^rtiGs of sinpU hanwlc tatloa 
can bo doocrltai .^Bttemtlcally i,. te™ 
McelcKtion 5„d displaeenent. 

ttet for staple hanonic motion th. 



Heat and Tgnp eratir^ 
' ^"f erature Is .an indication of the 

ttat heat indicates that enern ia heir. 



* that On->'nr Oh^in. rn J 

Bystcr., ^""'liAS in the sanifi 



- '-derive the equations for sinple harmonic motion. 

* ;rota of sinjple haironic for acceler;>tinn 

of displacement and ti.e, and e l f.' , 
function of displacement and tine! 

- experiment with sprinrs and pendulimq • 
U..iatlon3hlphat«een/S7aid:2rs::S:'' 



Colaiua, and Wine 
■ -Mate probta for energy transfer tol^^ehanees^ 

dioxide. ' »f "ater and carton 

study the derivation of the Hneti, , 

sases, ™™ molecular theory of 



o 
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measure electrical resistance with the Weatstone Bridge, 



- that a mnnt: charee creates a m^mcMc field, 



solve for currents and potential differences in complex 
circuits using Kirchoff's Laws, 

perfonn calculation to find the m,Tietic force on mvinr. 
electric charges and currents. 



- measure in the laboratory the raajmetic ^eld in fundamental 
units. 



that a chancirif': rnae^ietic field induces izd 
electronotive force in a conductor, 



that an induced current will appear in ,T;ch 
a direction that it opposes the change tiat 
produced it - theory upholdinf the law rf 
conservation of encr.y. 

that acceler-atinr ^harces produce 
'^loctrom;7ietic waves, 



cnor,7 r.r.y be transferred by 



waves. 



- observe the effect of ma,r7ietic fields on moving charges in 
the laboratory. 

- read and discuss Faraday's law of electromae^ietic induction. 

- solve probleras for potential usinc Faraday's law. 

- noasure the induced electromafmetic force produced by a 
generator in the laboratory. 

- solve problems usinp Lcnz's law. 

- discuss ways in which Lens's law is used in electricity, 

- discuss the properties of the electromagnetic spectrum, 

- discuss nethods of accoleratin: char^^es to produce 
electroma.;:netic waves, 

- Baaure the intensity of tte electrom.^tic waves cited 
Dy an oscillator. 

- stuly wave motion alon^ a slinky, 



experiment witJi standin, waves along a strin,^ and i 
vibratm/ air column. 



in a 



on 



that all objects are sinultaneousiy 
ataorbin.: anc; enittin^; radiant enerry. 



- that the chancer in the internal encrry of 
^yaton can bo accounted for in teras of 
Hv/at an] work, 
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" ^^"-PO^ed of electrical chareeg. 

I 

7r. 



- solve problems for chan(;es in tenperature volume and 
pressure of a gas as heat is added or removed from the 
system, 

- determine the kinetic energy and velocity of ^as molecules. 

- detcmine experimentally the linear coefficient of 
expansion for solid rods of copper, brass, iron, and 
aluminum, > > 

- solve problems for chance: in length and volume for solids 
as the temperature varies, 

- read and discuss the mathenntical equation for deten^inin. 
heat transfer by conduotion. "^^ennining 

■ ^^^^^^ nature of black body radiation. 

■ o" '''' '''' " '''' ^^^^^r^nt 

■ analyze the Wien's displacement law of black body radiation. 

- calculate tte difference between the amount of radiant 
energy vdiich an object absorbs and that which it Sates. 

■ read and discuss tiie first law of thermodynamics. 

■ calculate the internal energy ch.ijit:e3 of a raa as heit i, 
aided or rei^oved for constant volume. 

■ ^'"^ ''^''^'^ energy changes of a ,as when heat 
13 added or removed for constant pressure. 

calculate the work done by an expanding ^:as, 

study graphs of adiabatic and isothermal expansion of gases. 

'f^'^.'l:^^^ - it applies 



f:X = -"=t™t"^- Jc=toctivo interference 



in a I'ipple 



• '';-xi.it-'j vtivu properties. 



tiiit ;;ir.c..; li't 



■ -'irizo .1, it i'^ 



- "Ds.rve fik l.,p3 wave prcperti.s. 
■ ' fwavc intcrfGrc-nce. 

^n.r, and D,„pplor effect ' * ' '''''''''' ''''' '' 

- stiiVfikb.ps on interference, affrao*i-n ■ 
r=fecU.n,.j,dD:.pplor effect, '^'l^-'.- 

- s.;lvo problens for v.-^vdenrth Qnr i f 

ana intensity H -h ' ^ ' ' ^''^''"^y- P^'^^o^. 
^^^^^^^^ ty .n, htm a vacuum snd in various optical 



Porf;n:i trio follcwin. cxDerlTients: 
relloction frci;i a pi^i. ^^^or 



f.;rncd I 



Ly a concave mirror 



^■is fomod by a convorcin. Ions, 



^'Ive optical problc-ns 



usinr the l.ws of i,nses 



i-.r™ , im;e fon,,ticn for lenses, and Mrrcrs 
i=™s: the nature of pclarizatie; 



WaVtS 



as applied to transvorso 



- dcn.-nctrate pol:.rizati:n of li. 



:^it in the laboratory. 



^^^trato the polarization of reflect 



liciht. 



- ;--.Uhe t'rd.pectra.ofthohydro:.en 
crcto clectr. enerry levels. 
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:<i:}m^ the i)cri:;,lic t:bk' ,-f doMts. 



that, tiie lindt'iti na *-^o S:.r a;. id U J 



tht t!.o -,,f r,;i-;ctivitv m; 

-itor.:G t:.-.rry 1,-, u\ the iuclcuc"..:f 



- ^mlyzc tiio B,lner serk. with :i spoctrosc.po and oil- 
eulatc the w;ivi;leti;-thi]. 

- re- nna .liscu33 B:hr'c thcc.17 the hy:ir.:;en aton. 

- ietcrrar.o the ener7 i^-vdr .i' the Bolir ai-,i:i. 

" e-^ijuktc the .loBr: --n. wqv. ,,r:ci.tc-d with oloctronc 
Pr;t;.n3, and :ther particles. ' 

- j-J- the .ve I^^^^^^ 

- di3cuc3 the work cf B^cquerel, Ruth.rford, and Curi.. 

- if tontine ■too vd;city and kinetic -lor-v ,f ,inh. 1 
■-^uiin.: nuclear ccllisi.n. ^'^^^"^^^ 

- solve nuclear eeoaticnc f.-r -^bh^ -^n.' iv+. x. . 

icns. ' ""-^ '^^'^ Particle emiss- 



..::7 •i^-^-'^ can te created 

t u.aru'nent . 1 -acicii wi± hirh ew 
nuclear particki). " 



tMt Einstein's t.cry of relativitv h 



-.^.iaed tne ,:cai Newtonian 



y Tuas 
physics. 



Pn -,- ■:7 



- ti,c ..io..ouv. .nos ™i« a ,nph or chart. 

=>ii linear accilerators. ^ 

-«itethoe,»ticn3f,rnucloar fission and fusion, 

- Ji==uss the Michelson - Merely expci^nt. 

- discuss the bast}<? m.-i oi™-^- 
==^5.™i3i,fcesofEinst.i^,p,,t^^,^^_ . 



8" ^ 



""--^'^^^^^^ HU, tine. 



i^^Gs, ana 
GraLo 12 



l^'ilx. the .cti ris r. 

^'cr.cnt'iti-.ri, 



rospinticT. and 



- expliin that ,.;r.'anijn^ .^it-i. n.,,-!.- >n-v ■ , 



-lu, cycle, telcctran trmspcrt. 
- list fc tet crtcchr-tts ai2 c„t-chrT». « • , 

^■■"'^ ^'^rious substrates, 
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